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ABSTRACT 
Vector representation of graphics has an advantage of being 
displayed at any size. When resolution of a hitmap image 
is changed, lack of a line segment arises. In addition, moire 
occurs when resolution of an image with halftone dots is re- 
sized. In this paper, we propose a new technique to convert 
the binary image with halftone dots into the vector represen- 
tation. Resolution conversion of binary image can easily be 
performed without moire by continuous tone approximation 
of halftone dots. First, we separate the area of halftone dots 
and line drawings in the image. Next, a continuous tone ap- 
proximation is applied to the area of halftone dots. Then, 
the conventional vectorization is applied to both continuous 
tone areas and line drawings. Finally these components are 
mixed and reconstructed. Our approach provides an effi- 
cient way of displaying cartcon like images at any size with 
limited amount of data. 
1. INTRODUCTION 
A facsimile document or a newspaper has been printed on 
a paper as a hard copy. On the other hand, demands of the 
soft copy which can he displayed on a monitor at any size 
have heen increasing. This uend has been accelerated by the 
dissemination of personal computers and portable devices. 
Moreover, pervasion of low cost scanners has provided the 
environment where users can scan images easily. 
In most cases, facsimile documents and newspapers are 
binary images. Offset printing also produces a manuscript 
with binary representation by ink dots on a paper. Although 
binary images cannot represent gray scale, it has an advan- 
tage of being compressed with smaller data size. 
The resolution of a monitor is normally low compared 
to the one of a scanner. For this reason, in order to display 
the image obtained from a scanner, resolution conversion 
becomes indispensable. However, jaggy is often observed 
when a curve or a slash line is expanded. Considering the 
above problem, it seems reasonable to take an approach that 
changes the binary image into a vector representation before 
resizing. 
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The purpose of this paper is to cany out resolution con- 
version of binary image easily. We propose a new technique 
to describe a binary image containing halftone dots by a 
vector representation. For this description, halftone dots are 
approximated by a continuous tone, which corresponds to 
the dot density. In Section 2, we show results of o prelim- 
inary expriment. In Section 3, the proposed approach is 
described. Finally simulation results are shown in Section 
4, and the conclusion is given in Section 5. 
2. PRELIMINARY EXPERIMENT 
2.1. Vector Conversion Tools 
Bezier and B-spline curves are typical parametric curves 
that can describe shapes. There are many softwares to con- 
vert raster images to vector graphics. AutoTrace[ I] is one of 
such softwares using Bezier curves representation. We use 
this software for vector conversion since it provides quite 
precise approximation. An error threshold e is prepared in 
AutoTrace as one of input parameters, and its default value 
o f e  is 2.0. 
We investigated the relation of this error threshold and 
EPS file size obtained by AutoTrace. The results are shown 
in Fig. 1. It is turned out that file size is in inverse proportion 
to the value of e. 
2.2. Simple Vector Conversion 
We convert a printed paper image of a 12.8cm x 18.2cm 
(5inch x 7inch) size, which is scanned as a binary image, 
using AutoTrace by changing of scan resolution and the er- 
ror threshold. AutoTrace outputs an EPS file. However, the 
EPS file format is too redundant in terms of data compres- 
sion. Thus, this is convened to a Flash file fomat[2]. The 
relation of scan resolution, the Flash file size, and the error 
threshold are shown in top three series of Fig.2. 
This results show that the file size is proportional to scan 
resolution over 300dpi. However, when scan resolution is 
200dpi or less, the file size becomes small rapidly. Thus, we 
observed the image at 150dpi, and found that most halftone 
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Fig. 1. The relation of the error threshold e and the file size 
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Fig. 2. The relations of scan resolution, the file size, the 
error threshold, and a noise reducer (NR) 
dots are tumed to a white background and only line draw- 
ings can be seen. This means that most halftone dots are 
lost at low resolution. 
Jaggy is reduced when the image is zoomed in because 
of vector representation. However, moire still occurs, so 
that the simple vector conversion does not provide a solution 
to this problem. 
23. Vector Conversion with Noise Reducer 
Next, we consider halftone dots removal positively. For this 
purpose, we use a noise reducer since they can he regarded 
as a set of isolated small areas. The relation of scan resolu- 
tion, and the Flash file size using noise reducer is shown in 
the bottom series of F i g 2  
This result shows the following twoconsequences. First, 
removing halftone dots is effective for archiving hinary im- 
Fig. 3. Conversion system with proposed scheme 
ages. Second, vector representation is suitable for line draw- 
ings [3], but not for halftone dots. 
Thus, removal or separation of halftone dots is an ef- 
fective approach to convert hinary hitmap image to vector 
representation. However, an image only with line drawings 
lacks the reproducibility. Therefore, halftone dots represen- 
tation should be changed to others such as continuous tone 
which is suitable for vector representation[4]. 
3. PROPOSED VECTOR CONVERSION SCHEME 
3.1. Conversion System 
We propose a new technique to convert binary images con- 
taining halftone dots to the one suitable for vector repre- 
sentation. A conversion system with a proposed scheme is 
illustrated by a diagram in Fig.3. 
We assume that a printed material is input to a scanner 
as binary image, and converted to vector representation by 
the proposed scheme. Then, the file is viewed on a monitor 
of PC or on a panel of PDA. 
First, we separate an area of halftone dots and line draw- 
ings in the image. Next, a continuous tone approximation is 
applied to the area of halftone dots. Then. the conventional 
vectorization is applied to both a continuous tone image and 
line drawings. Finally, these two components are mixed to- 
gether. 
3.2. Halftone Dots Separation 
We use two characteristics of halftone dots for their s e p m -  
tion. It is an isolated small area where tone value is low or 
high. Where the tone value of halftone dots area is medium, 
it would be changed by a closing operation, whereas it re- 
mains the same if the same area is represented in line draw- 
ings. A halftone dots area is detected by a dilation operation 
to the halftone dots. 
First, we search connected pixels which are isolated small 
area. Then we remove them as halftone dots if small area 
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is smaller than a threshold. Next, the closing operation is 
performed to the residual image. If a ratio of changed pix- 
els in thc surroundings of the connected pixel is over than a 
threshold, the connected pixel is regarded as halftone dots. 
Then we can detect halftone dots where tone value is low or 
medium. 
The process described above is also applied to an inverse 
input image, in which black and white pixels are inverted. 
By this operation, inverse halftone dots are detected where 
tone value is originally high. Finally, we get line drawings, 
halftone dots, inverse halftone dots, and halftone dots areas. 
3.3. Continuous Tone Approximation 
We calculate tone valuc for each, halftone dots area. Now we 
process on an assumption that halftone dots represent a ho- 
mogeneous or a linear gradation tone. For example, comic 
images using screen tones or office documents containing 
simple shapes fulfill the assumption. If a bitmap image is 
three-dimcnsional data, then homogeneous and linear gra- 
dation tones would he represented by plane equation. 
Thus, we divide halftone dots area into some small ar- 
eas, Next, we calculate tone values as constant in each small 
area. The tone value is defined by a ratio of black pixels to 
the small area. Then, three parameters of plane equation are 
detected using tone values and positions of small areas by 
least-square method. 
3.4. Vector Conversion 
Line drawings and continuous tone approximated images 
are converted to vcctor representation. For the vector con- 
version, AutoTrace is used since it provides quite good ap- 
proximation. An output file format of AutoTrace is EPS. 
On the other hand, Flash can provide quite handy represen- 
tation for PDA. Thus, we convert the EPS to the Flash file 
format by Illustrator[5]. A mixing process of them can also 
be done by Illustrator. 
4. EXPERIMENT AND EVALUATION 
4.1. Implementation 
Simulation experiment is carried out to confirm the pro- 
posed method. An image using in this experiment is a one 
page of comics. An overall view of the input image is shown 
in Fig.4 and a small part of this is shown in FigS. The image 
is scanned at 300dpi as a binary image. 
For halftone dots separation, an isolated small area is 
removed if its size is less than 7 pixels. In addition, if a 
ratio of changed pixels in the surroundings is 80% or over, 
such xea  is regarded as halftone dots. These thresholds are 
detected through some experiments. 
Fig. 4. Original Image Fig. 5. Input 
4.2. Conversion Result Images 
The result images of halftone dots separation are presented 
in Fig.6 and Fig.7. The continuous tone approximation im- 
age is presented in Fig.8. The mixed image of line drawings 
and the continuous tone approximation in raster representa- 
tion is presented in Fig.9. 
A vector representation can be obtained by converting 
above images using AutoTrace. The error threshold e is 
set to the default value. Viewing that by Flash player, it is 
confirmed that jaggy and moire are not occurred. 
Through this experiment, it is confirmed that our pro- 
posed method basically work out. On the other hand, it be- 
comes obvious that very small lines are separated to halftone 
dots. Moreover, thresholds are not robust for scan resolution 
and screen ruling'. 
43. Evaluation 
Our approach could he evaluated from two perspective, 
halftone dots separation and continuous tone approxima- 
tion. Here, we focus on the latter. 
The evaluation method of an approximation is the fol- 
lowing. First, we generate continuous tone images by math- 
ematical programming. Next, these images are converted to 
hinary images by a halftone dots method. It must be noted 
that image size, image resolution, and screen ruling are re- 
lated. Then, ow proposed method is applied for them and 
tone parameters are detected. Finally, we checked the dif- 
ference between original and estimated tone parameten. 
The estimation result on homogeneous halftone dots is 
shown in Fig.10. In the figure, experimentations are carried 
out for 601pi and 851pi. and for 45 degree or 90 degree of 
screen angles. It is confirmed that detected tone values lie 
'The frcqurncy of a row of dots in 3 halftone image, usually expressed 
I lines per inch (Ipi). 
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Fig. 6. Line drawings Fig. 7. Halftone dots 
Fig. 8. Continuous tone ap- 
proximation 
Fig. 9. Reconstruction 
on theoretical values mostly independently screen ruling or 
screen angle. However, in some cases, mne values are de- 
tected 10% lower than theoretical one. It is considered to 
be related that a shape of cluster of dots changes when the 
‘density is fmm 40% to SO%. 
5. CONCLUSlON 
In this paper, we propose the new technique to convert the 
binary image with halftone dots into the vector representa- 
tion. First, we separate the area of halftone dots and line 
drawings in the image. Next, the continuous tone appmxi- 
mation is applied to the area of halftone dots. Then, the con- 
ventional vectorization is applied to both continuous tone 
areas and line drawings. Finally these components are mixed 
and reconstructed. Through the experiment, we could con- 
firm the validity of the proposed method. 
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Fig. 10. The relations of theoretical and experimental tone 
values on a homogeneous halftone dots 
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